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ABSTRACT 

I n  t h i s  memorandum improvements to t h e  Apol lo  Lunar 
S u r f a c e  Experiments  Package (ALSEP) are d e s c r i b e d  which 
aye des i r ab le  i n  o r d e r  to make it  a more e f f e c t i v e  and e f f i c i e n t  
s c i e n t i f i c  e x p l o r a t i o n  t o o l  for advanced l u n a r  m i s s i o n s .  

Fo l lowing  a b r i e f  d e s c r i p t i o n  o f  t h e  p r e s e n t  ALSEP 
program i s  a d i s c u s s i o n  o f  t h o s e  changes ,  main ly  o p e r a t i o n a l ,  
which one would make i n  a minimum m o d i f i c a t i o n  program. Next 
a new ALSEP program i s  d e s c r i b e d .  The s a l i e n t  c o n c l u s i o n  here  
i s  t h a t  t h e  number of exper iments  one would l i k e  t o  do w i t h  a 
s c i e n t i f i c  emplaced s t a t i o n  i s  n o t  l a r g e .  Hence a new ALSEP 
need  n o t  be  ve ry  much l a r g e r  t h a n  t h e  p r e s e n t  ALSEP, t h e  main 
d i f f e r e n c e s  b e i n g  a n  i n c r e a s e  i n  exper iment  weight  and i n  
f l e x i b i l i t y .  T h i s  new ALSEP would a l s o  be u s e f u l  as a t e s t  
bed to check t h e  f e a s i b i l i t y  of expe r imen t s  f o r  a f u t u r e  l u n a r -  
based  i n t e r - p l a n e t a r y  o b s e r v a t o r y .  
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MEMORANDUM FOR FILE 

I .  I N T R O D U C T I O N  

I n  t h i s  memorandum t h e  improvements t o  t h e  Apollo 
Lunar  S u r f a c e  Experiments  Package (ALSEP) a re  d e s c r i b e d  which 
are r e q u i r e d  t o  make it a more e f f e c t i v e  and  e f f i c i e n t  
s c i e n t i f i c  e x p l o r a t i o n  t o o l  f o r  advanced l u n a r  m i s s i o n s .  

The p r e s e n t a t i o n  i s  c o n s i d e r e d  i n  t h r e e  s e c t i o n s .  
The f i r s t  g i v e s  a b r i e f  d e s c r i p t i o n  o f  t h e  p r e s e n t  ALSEP. 
T h i s  i s  fo l lowed  by c o n s i d e r a t i o n  o f  a "minimum" m o d i f i c a t i o n  
ALSEP. The f i n a l  s e c t i o n  d e s c r i b e s  a s e t  o f  r e q u i r e m e n t s  
f o r  a new ALSEP if major  r e d e s i g n  o f  t h e  p r e s e n t  ALSEP i s  
p e r m i s s i b l e .  

11. PRESENT ALSEP 

The Apol lo  Lunar S u r f a c e  Exper iments  Package (ALSEP) 
i s  a m u l t i - d i s c i p l i n a r y ,  man-deployed, f u l l y  a u t o m a t i c ,  programmed, 
commandable, emplaced s c i e n t i f i c  s t a t i o n .  An ALSEP has a 
nominal  l i f e  of  f rom 1 t o  2 years  and i t  i s  p l anned  t o  have 
3 ALSEP's o p e r a t i n g  s i m u l t a n e o u s l y  on t h e  l u n a r  s u r f a c e  and t o  
have con t inuous  f u l l  t ime  (day and n i g h t )  data coverage  t h r o u g h  
t h e  30 f o o t  d i shes  of t h e  MSFN. The ALSEP program p r o v i d e s  t h r e e  
i m p o r t a n t  c a p a b i l i t i e s  : 

( a )  a space-frame i s  p r o v i d e d  t o  which a wide  v a r i e t y  
of expe r imen t s  f rom a number o f  s c i e n t i f i c  
d i s c i p l i n e s  can b e  a t t a c h e d .  The space  frame 
p r o v i d e s  a power s o u r c e ,  power d i s t r i b u t i o n  s y s t e m ,  
d i g i t a l  programying,  data t r a n s m i s s i o n  and command 
r e c e i v i n g ,  and a mechan ica l  and thermal  s t r u c t u r e .  
The ALSEP program a l s o  p r o v i d e s  8 c a n d i d a t e  
expe r imen t s .  

( b )  o p e r a t i o n a l l y  t h e  ALSEP program a l l o w s  s e q u e n t i a l  
deployment o f  s e v e r a l  c o p i e s  o f  a p a r t i c u l a r  
expe r imen t .  A n e t  o f  a g i v e n  exper iment  o p e r a t i n g  
s i m u l t a n e o u s l y  on t h e  moon y i e l d s  i n f o r m a t i o n  
on wide a r e a s  i f  t h e  expe r imen t  s e p a r a t i o n s  a re  
large.  
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( c )  a l t e r n a t e  modes of o p e r a t i o n  o f  a n  ALSEP c e n t r a l  
s t a t i o n  can be chosen b y  command. T h i s  p r o v i d e s  
ALSEP w i t h  t h e  c a p a b i l i t y  t o  do a l i m i t e d  
number o f  s p e c i a l  expe r imen t s ,  f o r  example: 
p e r i o d i c  mon i to r ing  of l u n a r  d u s t  c o v e r ;  measure- 
ment o f  t h e r m a l  c o n d u c t i v i t y  i n  a heat f low exper -  
imen t ;  and a n  a c t i v e  s e i s m i c  expe r imen t .  

The ALSEP parameters w i l l  now be  b r i e f l y  d e s c r i b e d .  
The t o t a l  weight  a l l o c a t e d  f o r  ALSEP i s  233 l b s . # ,  o f  which 
60 l b s .  i s  ou tboa rd  o f  t he  LM d e s c e n t  s t a g e  f o r  t h e  R a d i o i s o t o p e  
T h e r m o e l e c t r i c  Genera to r  ( R T G )  f u e l  c a s k  assembly and f u e l  
c a p s u l e  and t h e  r ema in ing  173  l b s .  i s  i n  2 compartments o f  t h e  
SEQ bay  o f  t h e  d e s c e n t  s tage .  The t o t a l  volume o f  t h e  compart- 
ments  i s  1 5  c u b i c  f e e t .  ALSEP has 60 l b s  a l l o t t e d  f o r  e x p e r i -  
ments, p r o v i d e s  56 watts ( 2 0  W f o r  e x p e r i m e n t s ) ,  has a nominal  
data r a t e  of  1 0 6 0  b i t s / s e c ,  about  30 expe r imen t s  commands, and has 
been a s s i g n e d  'L 90 minutes  for deployment a t  a d i s t a n c e  o f  1 0 0  meters 
from t h e  l anded  LM. I n  c o n t r a s t  to t h i s  t h e  t o t a l  r e q u i r e m e n t s  
o f  a l l  8 ALSEP c a n d i d a t e  exper iments  a re :  127 l b s ,  4 0  watts,  
60 commands, data r a t e  o f  1 3 0 0  b i t s / s e c ,  and a t  l ea s t  1 6 0  minu tes  
f o r  deployment .  Thus, main ly  because  o f  t h e  weight c o n s t r a i n t ,  
e a c h  ALSEP c o n t a i n s  o n l y  3 o r  4 of  t h e  c a n d i d a t e  e x p e r i m e n t s .  
I n  t h e  a l l o t t e d  volume ALSEP could  c a r r y  7 o f  t h e  8 e x p e r i m e n t s .  

ALSEP must be d e l i v e r e d  t o  K S C  5 months b e f o r e  l a u n c h .  
A l l  4 ALSEP a r rays ,  each  c o n t a i n i n g  a d i f f e r e n t  mix o f  e x p e r i -  
men t s ,  w i l l  be  hard-wired assembled and f l i g h t  q u a l i f i e d  separate-  
l y  months b e f o r e  t h e  f i r s t  l u n a r  f l i g h t .  From a s c i e n t i f i c  p o i n t  
o f  view t h i s  l a c k  of f l e x i b i l i t y  and m o d u l a r i t y  i s  l e s s  t h a n  optimum 
s i n c e  i t  does n o t  p e r m i t  any change i n  t h e  f i r s t  4 f l i g h t  
a r t i c l e s  i n  r e sponse  to our  growing knowledge o f  t h e  moon. 

Fol lowing  i s  a l i s t  o f  8 ALSEP c a n d i d a t e  
expe r imen t s  w i t h  t h e  experiment  numbers a s s i g n e d  by t h e  Manned 
Space F l i g h t  Experiments  Board. 

SO31 P a s s i v e  Se i smic  Experiment (PSE)  

S O 3 3  Act ive  Se ismic  Experiment (ASE) 

* I n  a d d i t i o n  t o  ALSEP an Apol lo  l u n a r  l a n d i n g  s p a c e c r a f t  
c a r r i e s  2 7  l b s .  of Apollo Lunar Hand Tools CALHT) i n  t h e  
SEQ bay and 4 0  l b s  of r o c k  boxes,  camera and f i l m  i n  t h e  a s c e n t  
s tage o r  a t o t a l  of 300 l b s  of s c i e n t i f i c  equipment .  This  i s  a 
m i s s i o n  l i m i t .  The LM s t r u c t u r a l  l i m i t  i s  323 l b s ,  t h e  d i f f e r e n c e  
b e i n g  most ly  i n  t h e  a s c e n t  s tage.  
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so37  

SO58 

so36 

SO34 

so35 

SO38 

111. 

Heat Flow Experiment  (HFE) 
( i n c l u d e s  t h e  Apol lo  Lunar S u r f a c e  D r i l l ,  ALSD) 

Cold Cathode I o n i z a t i o n  Gauge ( C C G E )  

Supra the rma l  I o n  D e t e c t o r  Experiment  (SIDE) 

Lunar S u r f a c e  Magnetometer (LSM) 

Charged P a r t i c l e  Lunar Environment Experiment (CPLEE) 

S o l a r  Wind Spec t romete r  (SWS) 

M I N I M U M  MODIFICATION ALSEP 

I n  t h i s  s e c t i o n  we c o n s i d e r  changes to ALSEP which might  - 
be made i n  l i e u  o f  r e d e s i g n .  
changes i n  o p e r a t i o n s  which p e r m i t  maximum s c i e n t i f i c  u t i l i z a t i o n  
o f  t h e  ALSEP c a p a b i l i t y .  

These improvements a re  t h e n  main ly  

The ALSEP c e n t r a l  s t a t i o n  i s  s u f f i c i e n t l y  f l e x i b l e  t h a t  
i t  can  be  w i r e d  to v a r i o u s  mixes or a r r a y s  o f  expe r imen t s . "  
However, t h e  f i r s t  4 a r r a y s  a r e  b e i n g  c o n s t r u c t e d  i n  p a r a l l e l  
and s t o r e d  f o r  l a t e r  f l i g h t  s o  t h a t  t h e  s c i e n c e  program f o r  
t h e  f i r s t  s e v e r a l  l a n d i n g s  i s  now v i r t u a l l y  f r o z e n  and ve ry  
l i t t l e  r e a c t i o n  t o  new d a t a  i s  p e r m i t t e d .  T h i s  method o f  o p e r a t i o n  
i s  e f f i c i e n t  f o r  t h e  f i r s t  few l a n d i n g s  s i n c e  these  w i l l  e s s e n t -  
i a l l y  t r y  each  exper iment  once b u t  subsequent  a r r a y s  s h o u l d  be 
c o n s t r u c t e d  s e q u e n t i a l l y  t o  a l l ow f o r  t h e  o r d e r l y  b u i l d u p  of  
s c i e n t i f i c  knowledge. 

Some p o s s i b l e  improvements to an  ALSEP o f  t h i s  t y p e  
are : 

1. Delay assembly  o f  a g i v e n  ALSEP as l o n g  as f eas ib l e  
t o  p r o v i d e  maximum f l e x i b i l i t y  i n  t h e  complement 
o f  each  a r r a y .  It i s  f eas ib l e  to assemble t h e  
n e x t  ALSEP f l i g h t  a r r a y  a f t e r  s e v e r a l  days  l u n a r  
o p e r a t i o n  o f  t h e  l a s t  f l i g h t  a r r a y .  T h i s  r e q u i r e s :  

( a )  maximum use o f  t h e  data  format  p a t c h  p a n e l  
to p e r m i t  c h o i c e  o f  t h e  a r r a y  complement t h a t  
i s  d i c t a t e d  by t h e  weight  c o n s t r a i n t  and 
s c i e n t i f i c  o b j e c t i v e s .  

"Each a r r a y  t h e n  o p e r a t e s  on a f i x e d  program. 
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2. 

3.  

4. 

p l u g - i n  s t a t i o n s  f o r  expe r imen t s  s t o r e d  i n  
t h e  LM a s c e n t  s t a t e  or i n  o t h e r  l o c a t i o n s  i n  
t h e  descen t  s t a g e .  

q u a l i f y i n g  s e v e r a l  t y p e s  o f  c e n t r a l  s t a t i o n  
sun  s h i e l d s  ( t h e  exper iment  t ie-down p a l l e t ) .  

r e d u c i n g  K S C  s t o r a g e  and check-out t i m e  t o  
l e s s  t h a n  s i x  weeks b e f o r e  l aunch .  S i n c e  
ALSEP i s  b u t t o n e d  up i n  t h e  SLA 34 days  b e f o r e  
l aunch  t h i s  a l l o w s  on ly  1 week f o r  check-out 
a t  K S C .  T h i s  i s  f e a s i b l e  s i n c e  K S C  can 
mon i to r  t h e  ALSEP f i n a l  s y s t e m s  t e s t  a t  t h e  
Bendix p l a n t .  Thus,  Bendix would have 
abou t  6 weeks to w i r e  a n  ALSEP and check 
i t  out. 

A l t e r  t he  luna r  s u r f a c e  t i m e - l i n e  t o  p e r m i t  more 
c h o i c e  of  ALSEP deployment l o c a t i o n  and t o  a l low 
more ALSEP f u n c t i o n a l  o p e r a t i o n  b e f o r e  LM a s c e n t .  
These are somewhat c o n f l i c t i n g  r e q u i r e m e n t s  b u t  
i t  i s  c l e a r  t h a t  ALSEP deployment shou ld  be  de l ayed  
u n t i l  a f t e r  t h e  i n i t i a l  g e o l o g i c a l  su rvey  i s  completed 
and t h e  r e l a t i o n  of  t h a t  data t o  t h e  deployment 
r equ i r emen t s  o f  each  exper iment  c o n s i d e r e d .  Deploy- 
ment at  a g r e a t e r  d i s t a n c e  from LM would o f  c o u r s e  
a l l o w  a wider c h o i c e  o f  l o c a t i o n .  

Add 25 l b s  t o  experiment  we igh t  budge t .  T h i s  
i n c r e a s e  i s  all i n  t h e  LM a s c e n t  s t a g e .  The 
weight would t h e n  be  l i m i t e d  by  t h e  LM s t y u c t u r e .  

Add t o  t h e  c a n d i d a t e  exper iment  p o o l  t h o s e  e x p e r i -  
ments c u r r e n t l y  unde r  development .  Three impor t an t  
exper iments  i n  t h i s  ca t egory  a r e  t h e  T i d a l  
Gravimeter ,  t h e  Micrometeoroid D e t e c t o r  and t h e  
Mass Spec t romete r .  The program shou ld  a l s o  i n c l u d e  
p r o v i s i o n  f o r  minor a l t e r a t i o n s  i n  t h e  p r e s e n t  
expe r imen t s  t h a t  would c o r r e c t  m a l f u n c t i o n s  
d i s c o v e r e d  i n  l u n a r  o p e r a t i o n  or improve t h e i r  
e f f i c i e n c y .  

IV* NEW ALSEP 

I n  t h i s  s e c t i o n  we c o n s i d e r  changes t o  ALSEP which might 
be made i n  a m a j o r  rework o f  t h e  ALSEP d e s i g n  w h i l e  s t i l l  
r e t a i n i n g  t h e  s i n g l e  emplaced s t a t i o n  s ingle-deployment  concep t .  
For r e a s o n s  s i m i l a r  t o  t h o s e  d i s c u s s e d  above t h e  improvements 
would b e  made i n  t h e  d i r e c t i o n  of a c h i e v i n g  a h i g h l y  f l e x i b l e ,  
comple t e ly  modular,  semi-permanent m o n i t o r i n g  s t a t i o n ,  i n c o r -  
p o r a t i n g  t h e  l a t e s t  g e n e r a t i o n  expe r imen t s .  Such a new ALSEP 
would be s i z e d  t o  hand le  about 8 expe r imen t s ,  and hence would 



.LCOMM. I N C .  - 5 -  

weigh about  350 l b s * ,  i n c l u d i n g  150 l b s  o f  e x p e r i m e n t s ,  and 
occupy 20 t o  30 c u b i c  f e e t .  T h i s  would 1-equire a power l e v e l  
o f  1 2 0  watts,  a da ta  r a t e  o f  2000  b i t s  p e r  s e c .  and about  20G 
commands. A t  p r e s e n t  t h i s  would a l s o  r e q u i r e  LM s t r u c t u r e  
improvements i n  t h e  SEQ bay and a d d i t i o n a l  volume a l l o c a t i o n .  

Some requ i r emen t s  f o r  an  ALSEP o f  t h i s  t y p e  are:  

1. Rework the  ALSEP c e n t r a l  s t a t i o n  s o  t h a t  i t  w i l l  
have t h e  f o l l o w i n g  f e a t u r e s :  

( a )  a c c e p t  any mix of p l u g - i n  expe r imen t  modules .  

( b )  be reprogrammable from e a r t h ,  a l l o w i n g  
a l t e r a t i o n  o f  t h e  data fo rma t  i n  r e a l  t i m e .  
T h i s  would p e r m i t  r e a l  t i m e  ass ignment  o f  
exper iment  p r i o r i t i e s  i n  r e s p o n s e  t o  t h e  
q u a l i t y  of d a t a  b e i n g  r e c e i v e d .  

( C )  have an  ex tended  l i f e .  T h i s  would r e q u i r e  a 
t r ansmi t -on ly - impor t an t -da ta  mode w i t h  remote- 
l y  a d j u s t a b l e  t h r e s h o l d  l e v e l s  on s e v e r a l  
expe r imen t s .  
cou ld  s t i l l  p r o v i d e  data  on,  f o r  example,  
f r e e  o s c i l l a t i o n s  o f  t h e  moon o r  l a rge  s o l a r  
f l a r e s .  ALSEP c o u l d  s t o r e  such  data  on t ape  
f o r  p o s s i b l e  r e t r i e v a l  by command. T h i s  would 
o b v i a t e  t h e  need f o r  con t inuous  l i s t e n i n g  t o  
permanent m o n i t o r i n g  s t a t i o n s .  

I n  t h i s  way a n  o l d  ALSEP 

( d )  have a t a p e  r e c o r d e r .  

( e )  have a c o n s t a n t  p e r - c e n t a g e - e r r o r  d i g i t a l  data  
o u t p u t .  T h i s  r e q u i r e s  a scheme such  as 
d i g i t i z i n g  t h e  l o g a r i t h m  o f  t h e  ana logue  s i g n a l  
s o  t h a t  t h e  a n a l o g u e - t o - d i g i t a l  c o n v e r t e r  i s  
n o t  wasted on a c h i e v i n g  dynamic r ange  f o r  
t h e  s i g n a l .  

( f )  have c l o s e r  t h e r m a l  c o n t r o l .  The a c c u r a c y  
and s t a b i l i t y  of t h e  e l e c t r o n i c  c i r c u i t s  
improves w i t h  c l o s e r  thermal  c o n t r o l  and hence 
more p r e c i s e  measurements are  p o s s i b l e .  

be ab le  t o  i n t e r f a c e  w i t h  remote e x p e r i m e n t s .  
It may become d e s i r a b l e  t o  deploy  s a t e l l i t e  
s t a t i o n s  o r  make t h e  ALSEP data t r a n s m i s s i o n  
s y s t e m  a v a i l a b l e  t o  a n  a s t r o n a u t ,  hence t h e  
c e n t r a l  s t a t i o n  s h o u l d  be equ iped  w i t h  t h e  
a p p r o p r i a t e  RF l i n k .  

( g )  

* T h i s  we igh t  does  n o t  i n c l u d e  t h e  44 l b s  o f  equipment i n  t h e  
a s c e n t  s tage.  
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2 .  Add to t he  exper iment  p o o l .  The expe r imen t s  f o r  
a new ALSEP shou ld  be comple te ly  modular w i t h  a s t a n d a r d  
e l e c t r i c a l  i n t e r f a c e  ( p l u g - i n )  and b e  ab le  to o p e r a t e  a t  s e v e r a l  
a p p r o p r i a t e  data  r a t e s .  The a d d i t i o n a l  expe r imen t s  l i s t e d  he re  
are t h o s e  which y i e l d  s p e c i f i c a l l y  l u n a r  da ta ,  as i s  t h e  c a s e  
f o r  most ALSEP expe r imen t s ,  and are a l l ,  e x c e p t  f o r  t h e  h e a t  f l o w  
expe r imen t ,  i n  t h e  1 0  t o  25 l b  c l a s s ,  r e q u i r i n g  about  3 to 7 w a t t s  
o p e r a t i n g  powers and a s t o r a g e  volume o f  a b o u t  1 c u b i c  f o o t .  
They a re  l i s t e d  rough ly  i n  order  of  p r i o r i t y : *  

( a )  Mass s p e c t r o m e t e r  - measures  t h e  atomic-mass 
d e n s i t y  of  t h e  n e u t r a l  l u n a r  a tmosphere ,  which 
may be p r i m o r d i a l  o r  due t o  r o c k e t  e x h a u s t  or 
t r a n s i e n t  gaseous emis s ion .  

( b )  T i d a l  grav imeter -measures  t i d a l  changes i n  
t h e  v e c t o r  l u n a r  g t o  0 . 1 %  or b e t t e r .  Such 
p r e c i s i o n  i s  n e c e s s a r y  b e c a u s e  t h e  e l a s t i c  
t i d a l  e f f e c t s  are r e l a t i v e l y  smaller t h a n  t h o s e  
o f  t h e  ea r th  and i s  f eas ib l e  because  t h e  m i c r o s e i s m i c  
l u n a r  background i s  e x p e c t e d  t o  be  ve ry  low. 

( c )  Improved P a s s i v e  Seismometer - improvements to 
t h e  ALSEP seismometer  might  t a k e  t h e  form o f  a 
l o n g e r  p e r i o d  f o r  t h e  l o n g  p e r i o d  3 a x i s  seis-  
mometer, g i v i n g  b e t t e r  f r e e  o s c i l l a t i o n  and s u r f a c e  
wave d a t a ,  and pe rhaps  a s a t e l l i t e  n e t  o f  s h o r t  
p e r i o d  seismometers  t o  improve t h e  body wave da ta .  

( d )  Improved Ac t ive  Seismometer  Experiment - t h e  
pu rpose  o f  t h i s  t y p e  o f  expe r imen t  i s  to s t u d y  
t h e  s h a l l o w  s u b - s u r f a c e  o f  t h e  moon by d e t o n a t -  
i n g  e x p l o s i v e  c h a r g e s  and measur ing  t h e  v e l o c i t y  
and f requency  spec t rum o f  t h e  r e s u l t i n g  s e i s m i c  
d i s t u r b a n c e  a t  t h e  l u n a r  s u r f a c e .  I n  ALSEP t h e  
exper iment  deploys  4 m o r t a r  cha rges  o f  l ess  t h a n  .. 
1 / 2  k i log ram t o  d i s t a n c e s  o f  l e s s  t h a n  1 5 0 0  meters; 
has geophone d e t e c t o r s  a t  a 1 0 0  meter s e p a r a t i o n  
and r e t u r n s  data  on t h e  i u n a r  s u b s u r f a c e  to dep ths  
o f  % 150  m e t e r s .  The exper iment  i s  performed a f t e r  
% 5 months o f  ALSEP o p e r a t i o n  and r e q u i r e s  a data 
r a t e  of  1 0 6 0 0  b i t s / s e c .  which ALSEP can  p r o v i d e  
t h r o u g h  the  85 f o o t  d i shes  of  t h e  DSN.  Improve- 
ments i n  t h i s  exper iment  would p r o b a b l y  t e n d  
toward a g e n e r a l i z e d ,  f l e x i b l e  and modular ,  

*The reader  may wish t o  add a Laser Corner  R e f l e c t o r  
Experiment  t o  t h i s  l i s t .  T h i s  expe r imen t  i s  n o t  l i s t e d  because  
it i s  t o t a l l y  p a s s i v e  and s e l f - c o n t a i n e d .  
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s y s t e m  o f  charge  deployment and of  d e t e c t o r  emplace- 
ment. More s e n s i t i v e  d e t e c t o r s ,  deployed  a t  
pe rhaps  1 0  k m  s e p a r a t i o n s  i n  s u b - s a t e l l i t e  f a s h i o n ,  
would b e  des i rab le .  Larger cha rges  and means f o r  
d e p l o y i n g  them s h o u l d  be p r o v i d e d ,  w i t h  a capa- 
b i l i t y  o f  f i r i n g  them w h i l e  t h e  a s t r o n a u t  i s  s t i l l  
on t h e  l u n a r  s u r f a c e .  

Advanced Heat Flow - s i n c e  t h e  NQR thermometer  can  
measure a b s o l u t e  t e m p e r a t u r e s  t o  b e t t e r  t h a n  -t 
0.001 K O ,  i s  s e l f - c a l i b r a t i n g ,  and- y i e l d s  d i g i t a l  
data ,  i t s  u s e  i n  t h e  l u n a r  heat f low expe r imen t  
would improve t h e  q u a l i t y  o f  da t a  r e t u r n e d  and 
s i m p l i f y  data  a n a l y s i s .  T h i s  i s  e s p e c i a l l y  t r u e  
i f  t h e  exper iment  p robes  were deployed  i n  a deeper 
h o l e .  

R F ,  VLF P r o p a g a t i o n  exper iment  - besides  p r o v i d i n g  
l u n a r  communications e n g i n e e r i n g  data t h i s  
exper iment  would y i e l d  u s e f u l  s c i e n t i f i c  data on 
t h e  e l e c t r i c a l  parameters o f  t h e  l u n a r  s u r f a c e  
and n e a r  s u b s u r f a c e .  

E l e c t r i c  F i e l d  meter - t h e  s t u d y  o f  e l e c t r i c  
f i e l d  f l u c t u a t i o n s  a t  t h e  l u n a r  s u r f a c e  would 
h e l p  i n  u n d e r s t a n d i n g  t h e  moon-solar wind i n t e r -  
a c t i o n .  

Improved Magnetometer Experiment - s h o u l d  t h e  
moon prove  t o  have  a s t r o n g  i n t e r a c t i o n  w i t h  t h e  
s o l a r  wind, i t s  d e t a i l e d  s t u d y  o v e r  a wide 
f r equency  r ange  ( 0  to 50  Hz) by a magnetometer 
n e t  ( a n t i p o d a l  p a i r  p r e f e r r e d ) ,  e s p e c i a l l y  i f  i t  
i s  a l s o  capab le  o f  a c t i v e  sounding  by u s e  o f  a n  
a p p r o p r i a t e  e x c i t e r ,  cou ld  y i e l d  t h e  r a d i a l  and 
a z i m u t h a l  d i s t r i b u t i o n  o f  e l e c t r i c  and magne t i c  
parameters i n  t h e  l u n a r  i n t e r i o r .  

Cons ider  adding  some p l a t f o r m  expe r imen t s .  Ti-om 
~ 

what w e  have s a i d  p r e v i o u s l y  i t  seems c l e a r  t h a t  t h e  t o t a l  number 
o f  expe r imen t s  one would l i k e  t o  pe r fo rm i n  a l u n a r  emplaced 
s t a t i o n ,  t o  gather  l u n a r  data, i s  n o t  large.  Hence t h e  s i z e  o f  
t h e  new ALSEP need n o t  be much la rger  t h a n  t h e  p r e s e n t  one .  There- 
f o r e  i t  may p rove  des i r ab le  and p o s s i b l e  t o  t ake  advan tage  o f  
t h e  moon as a s t ab le ,  s e i s m i c a l l y  q u i e t  p l a t f o r m  devo id  o f  
a tmosphere  t o  do s o l a r  and a s t r o n o m i c a l  s t u d i e s * .  These expe r imen t s  
do n o t  y i e l d  s p e c i f i c a l l y  l u n a r  da ta  b u t  n e v e r t h e l e s s  a re  o f  
h i g h  s c i e n t i f i c  i n t e r e s t  and a new ALSEP program c o u l d  be used  

* T h i s  a p p l i c a t i o n  i s  i n  d i r e c t  c o m p e t i t i o n  w i t h  s imi la r  
e a r t h - o r b i t a l  mode expe r imen t s  which cou ld  have p o t e n t i a l l y  h i g h e r  
data r a t e s  b u t  would r e q u i r e  a t t i t u d e  c o n t r o l .  
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to t e s t  t h e i r  f e x z i b i l i t y  f o r  i n c l u s i o n  i n  a f u t u r e  l u n a r  
o b s e r v a t o r y .  A l i s t  of t h e s e  expe r imen t s  would i n c l u d e  t h e  
f o l l o w i n g  l i s t ,  as w e l l  as  t h o s e  expe r imen t s  ment ioned p r e -  
v i o u s l y  which do n o t  p rove  t o  have a u s e f u l  l u n a r  r e t u r n . "  
Most of t h e s e  exper iments  could be  made i n  a 20  l b  s i z e  model. 
However, as a r u l e ,  t h e  t e l e s c o p e s  improve i n  q u a l i t y  w i t h  
i n c r e a s i n g  s i z e .  

( a )  Te le scopes  - ( o p t i c a l ,  UV, I R ,  X-ray ,  y - r a y ,  
cosmic r a y )  - o f  these  t h e  o p t i c a l  t e l e s c o p e  
u s u a l l y  r e q u i r e s  a h igh  data r a t e .  
ach ieved  us ing  a l a r g e  r e c e i v i n g  an tenna ,  f o r  
example t h e  p r e s e n t  ALSEP c o u l d  t r a n s m i t  
50 ,000  b i t s / s e c .  to a 210 f o o t  d i s h ,  which 
would probably  be an  adequa te  r a t e  even f o r  a n  
o p t i c a l  t e l e s c o p e .  

S o l a r  c o n s t a n t  exper iment -h igh  p r e c i s i o n  long-term 
m o n i t o r i n g  of t h e  s o l a r  e l e c t r o - m a g n e t i c  energy  
o u t p u t ,  e s p e c i a l l y  i n  t h e  o p t i c a l  and UV r e g i o n s ,  
i s  o f  s p e c i a l  i n t e r e s t  s i n c e  no o t h e r  s t a r  i s  
known t o  have an  o u t p u t  as c o n s t a n t  as t h a t  of o u r  sun .  

T h i s  may be 

( b )  

( c )  Meteoroid f l u x  d e t e c t o r s  

( d )  S o l a r  charged p a r t i c l e  s p e c t r o m e t e r .  

4 .  Optimum deployment o f  e a c h  exper iment  - S i n c e  t h e s e  
exper iments  are i n t e n d e d  f o r  a permanent s t a t i o n  much more t i m e  
and e f f o r t  would be devoted to deployment and deployment would 
be de l ayed  u n t i l  a n  optimum compromise l o c a t i o n  i s  found.** 
It would t h e n  b e  des i r ab le  t o  p r o v i d e  t h e  a s t r o n a u t  w i t h  a s imple  
t r a n s p o r t e r ,  an  LSSM or p u l l - c a r t ,  and t h e  exper iment  c a b l e  
arrangement  shou ld  p e r m i t  wide or a d j u s t a b l e  s e p a r a t i o n  o f  
expe r imen t s .  Such a deployment would p robab ly  take  about  4 hours  
and be performed a f t e r  t h e  s i t e  i s  l o c a t e d .  
b e  r e q u i r e d  if deep h o l e s  a r e  d r i l l e d .  

A l o n g e r  t i m e  would 

5 .  Main ta in  minimum t i m e  between array fcrrnaticr, 
and f l i g h t .  T h i s  i s  s t i l l  n e c e s s a r y  t o  t a k e  advantage  o f  t h e  
l a n d i n g  s i t e  c h a r a c t e r i s t i c s  and i t  may even be  des i rab le  for 
t h e  a s t r o n a u t  to choose t h e  a r ray  w h i l e  on t h e  moon. 

*For example i f  t h e  moon-solar wind i n t e r a c t i o n  i s  n o t  l a r g e  
t h e  solar wind exper iments  w i l l  s t i l l  p r o v i d e  u s e f u l  m o n i t o r i n g  
of t h e  s o l a r  wind b u t  as a s o l a r  r a t h e r  t h a n  l u n a r  phenomenon. 

**The deployment r equ i r emen t s  for each  exper iment  w i l l  p ro-  
b a b l y  c o n f l i c t .  



* 

. 
6 .  Make naximum use  o f  t h e  a s t r o n a u t  i n  deployment 

and ad jus tmen t  o f  expe r imen t s .  It i s  c l e a r  from t h e  above t h a t  
"au tomat i c "  deployment o f  t h e  expe r imen t s  would g r e a t l y  c o m p l i c a t e  
t h e  array and would be d i f f i c u l t  to accompl ish  s a t i s f a c t o r i l y .  
The a s t r o n a u t  s h o u l d  be  u t i l i z e d  t o  choose g a i n  s e t t i n g s  and t h e  
l i k e  s o  t h a t  t h e  expe r imen t s  can be a p p r o p r i a t e l y  s i m p l i f i e d .  

V. SUMMARY 

The p r e s e n t  ALSEP program was b r i e f l y  d e s c r i b e d .  
The d e s c r i p t i o n  was fo l lowed  by a d i s c u s s i o n  of t h o s e  changes ,  
n a i n l y  i n  o p e r a t i o n s ,  which one would make i n  a minimum modi f i ca -  
t i o n  program. Next a new ALSEP program was d e s c r i b e d .  The 
s a l i e n t  c o n c l u s i o n  here  i s  tha t  t h e  number o f  expe r imen t s  one 
would l i k e  to do w i t h  a s c i e n t i f i c  emplaced s t a t i o n  i s  n o t  l a rge .  
Hence a new ALSEP would n o t  b e  ve ry  much l a rge r  t h a n  t h e  p r e s e n t  
ALSEP, t h e  main d i f f e r e n c e s  b e i n g  a n  i n c r e a s e  i n  exper iment  
weight  and an i n c r e a s e  i n  f l e x i b i l i t y .  T h i s  new ALSEP would 
a l so  b e  u s e f u l  as a t e s t  bed t o  check t h e  f e a s i b i l i t y  o f  e x p e r i -  
ments  f o r  a f u t u r e  l u n a r  based i n t e r - p l a n e t a r y  o b s e r v a t o r y .  

1012-P J H - 1  j b P .  J .  Hickson 


